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Tabulations of Propagation Data Over Irregular Terrain in the

230- to 9200- MHz Frequency Range

Part I: Gunbarrel Hill Receiver Site

by

P. L. McQuate, J. M. Harman, and A. P. Barsis

This four-part report contains tabulations and graphs
of transmission loss data resulting from propagation
experiments in the 230- to 9200-MHz range conducted
over irregular terrain in Colorado. Each part of the
report deals with data obtained at a single common
receiver site over a large number of propagation paths
varying in length from 0. 5 to 120 km.

1. Introduction

The purpose of this report series is to prese:'eit transmission loss

data resulting from propagation experiments over irregular terrain in

Colorado with path lengths ranging from 0. 5 to 120 km at seven

frequencies in the 230- to 9200-MHz range.

This measurement program was sponsored by the U. S. Army

Electronics Command and the U. S. Army Security Agency as a part of

a study of propagation characteristics under conditions resembling the

operations of an army in the field.



It

All measurements were conducted using mobile transmitters

and four fixed receiving sites in order to obtain as many different

propagation paths as possible within practical operational limits.

Since the primary intention was to simulate radio relay operations

between semi-permanent terminals at "favorable'! locations, a majority

of the transmitting sites were selected to provide a clear, unobstructed

foreground ; n the direction of the receiver. The remaining sites were

selected so that the transmitting antennas would be at least partially

obstructed by the surrounding vegetation to represent operations from a

concealed location. This method of site selection produced somewhat

different results regarding transmission loss variations with height

and distance from those observed in a previous measurement program

at 20, 50, and 100 MHz (Johnson et al.,1967 ; Miles and Barsis, 1966).

Each part of the current report series deals with data from one

of the four common receiver sites as follows:

Part I: Gunbarrel Hill (designated RI)

This site is near the summit of a hill in the open plains 15 km

east of the Rocky Mountains foothills north of Boulder. Ten of the 55

transmitter sites associated with this receiver site are located in the

mountains and only one of these results in a line-of-sight path.

2



Part II: Fritz Peak (designated R 2)

This site is located in the mountains west of Boulder at the

foot of Fritz Peak, which shields the site from the plains - about 20 km

to the east. Only 8 of the 44 transmitter sites associated with this

receiver site are locatid in the plains.

Part III: Norti, Thble Mountain (design-.it iR 3)

This site is near Golden, Colorado, on a high mesa at the

juncture between the mountains and plains and is visible to most of its

associated 59 transmitting sites. It was selected to represent propa-

gation from low-flying aircraft to the ground.

Part IV: Longmont (designated R4)

This site is located in a grove of trees in a broad river valley

near Longmont, Colorado. Since the receiving antenna can assume

various positions from near the ground to a point well above the top of

the trees, the received signal levels reflect the eff,•,cts of foliage and

branches to a varying degree. There are 45 transmitter sites associated

with this receiver site.

Part I, in addition to the data, contains descriptions of the

equipment (sec. 2), the method used in making the measurememts

(sec. 3), and the data reduction procedures (sec. 5). Details regarding

measurements of the antenna parameters are given in section 4. The

reduced data presented in section 8 consist primarily of graphs showing

3
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hooli trallolimoolts Ait II* V0 p *1%,'eiv1 antenna holght de.rived fromt the

~I~eaa ,ren ~ fill(t ' vat It paiat. Po~rtilnen infit rm %it%"' on Itath 11re'ftie

andit Itto Auhih 1veIn.ludeel a It.'at at.i. l t.l'lo at ials sro

lobt..dlold Aepa arole y , Iý'.', !C viPI'0?I likrpoooc m 00P. lion at also con1tains

a li011i~ll III toelomrsitiahi.'.istac useod forv eath Path p'ol 11..

All muosourostints dies.rihed in this report series were performied

hy porami' onv ofst the Instituir' tol ' To lot, omunic at lon Scitenc.'es

iti tho Xnvvirtinmointal Sci.. nce N. rvice Aintini oit ration.

it Moamiurement Program And DNquiprnont

I'Ii data proorntod in this part I of *ho report wore obtained

hotwovii Match 19)6S And March 196b7 froum A cntral roct'ivor sito located

near the summit of a Itill northeast of Boulder, Colorauo, and hereafter

referred tu an Gun Barrel Hill1, or sit. Rl. F~igure I to a map of ths,

Area showing moot of the measurement locations, which were arranged

in concentric circles Aaround the receiving site. Obstructions near the

iiite lhimited the mevasutrementm to the sectors So to 135 0and 205 to 340

east of true nort~h. Transmiter sites in the 2050 to 340 0 sector and

located more than 10 km from the receiver alte lie in heavily wooded

m,)untainous terrain, all the others are in the relatively open and rolling

plains area. Figure 2 is a panoramic view of the sector 5o to 135 0

figuresa 3 and 4 are panoramic viewsa of the sector 205 0 to 3400. All

bearinga given art, measured clockwise from true north.



The troImmmtttr sttei we rmlp.0evteit at nominal distanve'a of

0. So it So 10, "0, NV, 80, and 140 knm from tho roceiver location. Seven

of tOe travnmtting mlte* were m.lectod mo that the inmtalltlon wai

contwaled from the propIAgatlon path by vegatation. A concealed mite may

be lot atPd behind a mingle row of treem, as sern in the photograph of

transmitter mite RI-20-TI - Concealed, found on page 145, or in a

rhisttr ot treem anm oon in the photograph of transmitter site RI-20-T3 -

Concealed, found on page 158. Each concealed site ham a "companion"

open aite, i.e., a mite with a clear, unobstructed foreground in the

direction of the receiver, with the pairs selected so that they are not

more than 100 rn apart and have essentially a common terrain profile.

All transmissions were continuous wave and frequencies of

230, 910, 751, ql0, 1846, 4595, and 9190 MHz were used with

horizontal polarization only.

6
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FIGURE 3 FOREGROUND VIEW OF SECTOR 2050 TO 340*
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FIGURE 4 BACKGROUND VIEW OF SECTOR 2050 TO 3400
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2.1 Receiving Equipment

For the receivers, two trailers were used to house equipment

for separate frequency groups. Figures 5 and 6 show the trailer and

associated antenna system used for the three lower frequencies (230,

410, and 751 MHz) and a view of the rack-mounted receiving equipment.

Figures 7, 8, and 9 show the trailer used for the four higher frequencies

(910, 1846, 4595, and 9190 MHz), its associated antennas and portions

of the receivers. Both of these units are shown in position at the

receiver site RI. Figure 10 is a block diagram of the receiving system

in the "calibrating" position.

Descriptive antenna parameters are given in table 1. Note that

the electrical characteristics of the transmitting and receiving antennas

used at eacn frequency were essentially identical.

9
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FIGURE 6 RECEIVING EQUIPMENT LOWER FREQUENCY GROUP
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FIGURE 7 RECEIVING UNIT UPPER FREQUENCY GROUP
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FIGURE 9 RECEIVING EQUIPMENT UPPER FREQUENCY GROUP
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Th -os'Otiig*v1" otottinap it In ca'h grtitp wore moionted . ide by mills

Ut framework that cmild h* inotalled t~in any tit the (mour tower (arom,

end roe mtle or lowe red hotwooei the limits o~f I and III mi above ground. A

myntomi of oplaytim hetween the tower and the trailerm controlleut the chart

drivom uipon which the heighlt -gaIn recording. were aniade, letting the

tiprator know, ckt all timos, oit what height the antonna s were imsitioned.

Wa~vo,$guides wero used at 0%9S and 9190 M11m; the r'ttmAitiinu

froqueonci kie tiliRed COAXial Cable for bo0th transmitting ttiid receiving

terminals. The receiving mystem ais viewed from the receiver input

exhibited essentially no ('hAng. in the voltage to anding --wave ratio

(VSWR) to the antennan were moved tip and down the tower, For

calibration of the receiving ~units, crystal controlled~ signal generators,

with it stability of one part in 10 6, or better, were used, To insure

a constant output level throughout the calibration. theme units were

rmonitored with precision power meters.

2. Transmitting Equipment

The transmitting equipment was hounecl in two mobile units.

One unit was usned for' the three lower freqUenIcies, the other for the four

higher frequencies. The photographs in figures 11 and 12 show the unitr

at separate transmitting sites. Rigid~ masts supported the antenn.'s at

17
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3. Measurement Proceduresa

Three prerequisites determined the locatio on e transmitter

sites4: (1) meeting the selected distances of 0. 5, 3. 5. 10, 20, 50, 80.

and 120 km as closely as possible; (2) accessibility to both transmitter

unit.; and (3) clear and unobstructed foreground, except in the cases of

the pairs of open and concealed sites where accessibility only dictated

the selection. Areas were chosen from U. S. Geological Survey

topographic maps for distance and accessibility and sites were then

visited to pin-point exact locations for the transmitting units.

All antenna orientations were determined from the maps. As

the receiving antennas were varied in height between I and 13 m, the

signal was recorded continuously on strip charts. Before these height-

gain recordings were made, a 10-min sample was recorded on each

frequency in order to ascertain the temporal stability of the received

signal. In the case of the lower frequency group, this recording was

made at the 13-in level; for the higher frequency group 7. 3 m was used.

In all instances where the time recorded signal varied by more than 2 dB,

additional recordings were made at the 1- and 7. 3-in levels for the lower

frequencies and at the tower extremes for the higher frequencies. Data

for open and concealed sites were obtained within the smallest possible

time interval.

21
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At the beginning and immediately upon completion of data

recording at any site, each receiver was calibrated to insure that all

receiver parameters remained constant throughout the recording time.

If, upon completion of the data analysis for any site, any of the

data were judged indoubt, the site w,%s revisited and additional. recordings

made. All data for each site are plotted together by fv-equency regardless

of the time interval between runs and art- prrsented in section 8

of this report.

4. Antenna Measurements

In order to obtain free-space gain values and pattern data for the

transmitting and receiving antennas, measurements were made at the

Gunbarrel Hill receiving site (RI), which is reasonably flat in the vicinity

of the antenna tower. Three test paths were used: the first was 90 m

long over plowed ground, the second 150 ni long over a field of wheat

stubble, and the third, also 150 m long, extended over a combination of

plowed ground and wheat stubble. The resulting gain values from these

three paths differed from their average by less than 0.5 dB.

The measurements were made by placing the transmitting

antennas at a fixed height (6.6 or 7.3 m) above ground, and recording

the received signal level continuously while the receiving antennas were

22



raised from I to 13 m above ground. From the analysis of maxima and

minima in the height-gain curves obtained in this way, the received

signal power corresponding to free-space loss can easily be obtained,

and the sum of the free-space antenna gain is then determined from

knowledge of the transmitter power, the received signal power, the line

losses, and the free-space basic transmission loss over the test path.

Since the transmitting and the receiving antenna for each frequency were

identical, equal gain values were assumed.

Necessary assumpti )ns also were that antenna circuit losses were

negligible, and that the impedance of the antenna does not change with

height above ground. The first of these is well justified for

the type of antennas used in the frequency range above 200 MHz. Inde-

pendent checks did not show any significant variations of the antenna

impedance with antenna height above ground at the Gunbarrel Hill site;

furthermore, only maxima and minima of the height-gain pattern that

were more than 4. 6 m above ground were used in the antenna gain

determination. This minimum height represents 3. 5 wavelengths even

at the lowest frequency used (230 MHz).

Antenna patterns over a limited azimuth range were obtained with

the receiving antennas 3 m above ground, and the transmitting antennas

6. 6 or 7. 3 m above ground. The receiving antennas were revolved over

a sufficiently wide azimuth to include the main lobe. Since the antennas

23



were always oriented along the propagation path during the entire measure-

ment program, the azimuthal patterns are not of primary importance.

5. Presentation of Data

Measurement results from the Gunbarrel Hill receiving site (RI)

only are presented in this part of the report (see sec. 8). Data from the

other three receiving sites will be presented in subsequent parts.

The data are arranged and coded by path distance and for each

distance sequentially by azimuth counted clockwise from true north. For

example: Rl-20-T4 indicates a 20-km path from common receiver site

RI to transmitter site T4, which is the fourth site at the 20-km distance

count.,, ' .'-:ckwise from true north. Pairs of open and concealed sites

are denoted ),Iv "0 and C',.

ýr/each transmission path, the data are arranged in the

following order:

1. T>c.* 3ite designatic- and code accompanying photographs of

.he tec'Jri taken from each of the two terminals in the direction

ouward the other; in the case of "0 and C" sites, the photo-

graphs were taken from both the open and the concealed

transmitter site.

2. A graph of basic transmission loss vs. receiving antenna

height d,'ived from the measurements for all seven frequencies

with the dates of the measurement runs indicated; only data

from open sites are shown. Values of the maximum measurable

loss are also indicated if the received signal level is below

24



the receiver noise level, in addition to the free-space basic

transmission loss values for all frequencies.

3. The path profile, with site elevation and path length indicated,

drawn (Rice et al., 1966) in each case by using an effective
earth radius based on a surface refractivity value of 290 N-

units. This represents an average for the area where the

measurements were made.

4. The results of the time recording made before each height-

gain run, but only for those dates corresponding to the data

shown on the preceding height-gain graphs. The 100%-900/

value is the dB difference between the level of the received

signal exceeded 90 percent of the time and the level exceeded

10 percent of the time during the time recording period.

5. Field notes describing the terrain and significant obstacles

along the transmission path.

6. Additional graphs (where applicable) of basic transmission

loss vs. antenna height, showing comparisons of height-gain

runs for different dates, or of data for the 'O1 and C" pairs.

7. In the case of "0 and C" sites, pertinent profile information,

time run data, and descriptive material related to the

concealed site.

The measured data were converted to basic transmission loss

(Rice et al., 1966) by means of the following approximation:

L = P-t P + G +G - L-t Lr
2r t r

255



where

Lb basic transmission loss in dB

"P transmitter powe r in dBWt

"- r received signal power in dBW

Gt = free-space gain of the transmitting antenna in dBI relative to an isotropic radiator

G = free-space gain of the receiving antenna in dBSr relative to an isotropic radiator

Lt = line losses in dB between transmitter and trans-
mitting antenna

L = line losses in dB between receiving antenna and
receiver input

Indicators for the transmiftr power output were calibrated

against laboratory standards. The received power level was determined

by comparison with signal generators using the substitution method, and

is essentially the power into a 50-0 receiver input impedance. The

received signal power was assumed equal to the power available from

an equivalent loss-free antenna.

The conversion formula assumes that free-space gain values for

the antennas are realized, that there are no losses in the antenna circuits,

and that the antenna impedance values are constant at all measurement

SWhen the received signal level is below the receiver noise level, P
r

is the receiver minimum detectable signal and Lb will be the maximnum
measurable loss in dB. See pages 271, 274, 283, 286, and Z89.
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locations. As already noted, no significant change in antenna impedance

was observed at the Gunbarrel Hill receiving site when the antennas were

raised from I to 13 m above ground. Some changes in the transmitting

T antenna impedance may have occurred, however, when the antennas were

moved from an open to a concealed site, because the transmitter

operators noted small changes in the vol age standing-wave ratio (VSWR)

measured along the transmission line near the transmitting output

terminal; being minor, these changes were not logged. The basic

transmission loss values shown in section 8 may therefore contain a

small variable component due to changes in the antenna impedance

that cannot now be separated from the total path effects. It is not likely,

that this component ever exceeded 2 dB, since for a more substantial

mismatch the operation of the transmitters would have been materially

affecte-d. As a result, it appears justified to neglect antenna impedance

changes and associated effects of mismatch in the derivation of basic

transmission loss values from the measurements. Also, any errors

introduced would be of approximately the same magnitude as the

unavoidable calibration errors of the system.

Section 8 of this part of the report also contains a comprehensive

listing of meteorological parameters obtained during the measurement

period, and of the topographic maps used to obtain path profiles; latitude

and longitude for the terminals of each path and coordinates of the path

IIintersections with the edges of the map usel1 are included.

27
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RI -'01 - TI SITE RI-E
40

1110

p A n e n n a H e i g t A b v e G o u n d i nLMt e r

1~ 3A

so9 -A



RCVR. ELEV. Rl-0. 5-TI XMTR. ELEV.
1589 M PATH LENGTH 0.54 km 1570 M

-1 590 M

I'2 -156C M

U,0. . 2 .3 .4 .5

KILOMEITTEF,

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

6-2-65 at 13 M 4-18-66 at 7.3 M

7 8
.50% 68.1 74.3 78.3 83,2 98.6 100.4 109.5

A10%-90% <3 <3 <3 <3 <3 <3 <3

This site is approximately 1500 ft east of the receiver. In the

foreground are alternating strips of plowed ground and wheat stubble. The

only obstruction is a low fence about 800 ft away.
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RI -0.5-T2 SUlf Ri-W

7 40
j 50

60 2-10-66

-9190 )~ ~Free Space

III

E 0

00

Antenn Hih Ab4v Grun inMtr

E t33



RCVR. ELEV. Rl-0. 5- T2 XMTR. ELEV.
1589 M PATH LENGTH 0.54 km 1590M

I -550M

I I I I

0 0. 1 0.2 0.3 0.4 0.5
KI LOMF TF- S

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

3-31-65 at 13 M 2-10-66 at 13 M

50% 71.2 73.5 74.4 95.5 95.7 96.3 98.3

S10%-90% <3 < 3 < 3 < 3 < 3 < 3 < 3

2-10-66 at 6 M

50% 80.8 94.9 101.0 101.8

10I%-90% < 3 <3 <3 < 3

2-10-66 at M

50% 94.0 94.8 0., (7 98.9

S10%-90% < 3 < 3 < 3 < 3

This Mite i. about 1600 ft west of the receiver. The terrain in the

foregrcund alternates between plowed ground and wheat stubble. There

are no obstructions on the path.
34
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R I -1- T I

NIWOT El
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I

PATH VIEW FROM RECEIVER

PATH VIEW FROM TRANSMITTER
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RCVR. ELEV. RI-3-TI XMTR. ELEV.
1589 M PATH LENGTH 2.981 km 1546 M

-153 DM
SII I I I

0 0.5 1.0 1.5 2.0 2.5
KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

4-1-65 at 13 M 2-25-66 at 7.3 M

50% 116.6 121. 1 131.0 137.'t 147.6 163. 2 160.6

A10%-90% <3 <3 <3 <3 <3 <3 <3

This path extends over approximately 650 ft of wheat stubble to

a strip of plowed ground 200 ft wide beyond which a moderately traveled

highway, with power lines on its far side, runs at 700 to the path. The

ground then slopes gently upward toward -e horizon and a small group

of homes located approximately 1 mi away.
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RI-3- TI NoWOT El

120 -

130----- ---

..... 230 MHz
Z 140---4-1-65

- 12-1-66

* 150
0

12

140

...- ... ...
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RI'vlt r 1 V.I V !M1 • I';A ' . .,
0%111 M I\T 1 1,NM TI I Ihl

Ii s f I 01 1I

Lh((M) SH•IORT TE'RM SIGNAL, VARIAM•I.ITY

I' r Mq ( 1M4l) to -t110 7SI 9 i) 10 19T6 4 • % i()40

b-8-A t I I M 4-.,.S-bt) At 7. 1 M

50% 89. 3 91. ( 9,8.. 98.4 11 1. ,i. . 111.8

'l'tia path exttndas over I 1',i ot. plwt•td ground to i thin lkne •f

trees, 40 It high, growing perpendicular to the path. From there to

the receiver site, which is in line of sight, the te'rrain of grass-

covered fields slopes gently upward.
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RCVR. ELEV. RI-3-T3 XMTR. ELEV.
1589 M PATH LENGTH 3.22 km 1539 M

- 580M

-152 M
SII I I I I

f 0 0.5 1.0 1.5 2.0 2.5 3.0
K '1 LC)MFr T FS,' R

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

7-13-65 at 13 M 4-25-66 at 13 M

50% 86.3 91.9 97.7 103.6 115.6 1.2.1 122.2

M10%-90% < 3 < 3 < 3 < 3 < 3 < 3 < 3

4-25-66 at 7.3 M

50% 103.6 103.4 110.0 124.9

A10%.-90% < 3 <3 < 3 < 3

4-25-66 at 1. 0 M

50% 105.2 108.2 110.0 116.2

Al0%-90% < 3 < 3 < 3 < 3

This path extends over the corner of a grass-covered field

bounded by a 3-ft wire fence in the immediate foreground. From 100 ft

away to a moderately traveled highway, 1 mi distart, stretches a plowed

field. Power and telephone lines are parallel to the highway. Just to the left

of the path, approximately 3/4 of a mile away, is a grove of 40-ft high

cottonwood trees. The ground slopes evenly upward to the receiver site,

which is in line of sight.
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RCVR. ELEV. RI-3-T4 XMTR. ELEV.
1589 M PATH LENGTH 3.48 km 1550 M

- 1 59()o,

-v• --- 5 3

!III I II

0 0.5 [.0 1.5 2.0 2.5 3.0
K I LOME T ER S

Lb (dB) SHORT TFRM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

1-17.67 at 13 M 2-1-67 at 7.3 M

50% 95.4 97.8 100.7 107.5 1E4.0 121. 0 128.4

LI0%T-90% <3 <3 < 3 <3 <3 <3 <3

The path extends across 300 yd of wheat stubble to a high-voltage

power line running perpendicular to the path. The next 1/2 mi is plowed

ground leading to a moderately traveled highway along which power and

telephone lines run parallel. Scattered cottonwood trees, 40-ft tall, rise

on the path approximately 2 mi away. Alternate strips of plowed ground

znd field grass lie perpendicular to the path from the highway to the

receiver site, which is in line of sight.
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PRCVk. ELEV. RI-3-T5 XMTR. ELEV.
1589 M P TH LENGTH 3.01 km 1638 M

1 6'ý -i

- I 57')M

II I I I

0 0.5 1.0 1.5 2.0 2.5 3.0
Ký 1 L .O.E T P 0

Lb (dB) SHORT TERM SIGNAL VARIABTLITYbI
Freq (MHz) 230 410 751 910 1846 4595 9190

11-1-66 at 6.6 M 3-15-67 at 7.3 M

5 50% 105.0 95.7 97.3 99.0 113.1 122.1 116.8

A10%-90% <3 <3 <3 <3 <3 <3 < 3

Power lines run approximately 4 ft above and 25 ft in front of the

antennas. The terrain slopes steeply downward for about 1500 ft, then

upward to a small knoll, continuing downward to the receiver site. The

entire path is over alternating strips of wheat stubble and plowed ground.

Approximately 1-1/2 mi away is a dirt road with telephone lines

paralleling it and crossing the path at 800.
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S ~-I 5 t1 ')M

I M I I I i

0 I 4
K I LOMF T ERI)

L4 (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHu) 230 410 751 910 1846 4595 9190

6-2-65 at 13 M 4-21-,66 at 7.3 M

50% 95.4 103.6 109.1 106.5 116.9 U.3.5 127.6

A10%-qO% < 3 < 3 < 3 <3 < 3 < 3 < 3

Ii

The path extends across plowed ground to the horizon about I

mi away. About 700 ft from the transmitter, running at 700 to the

path, isa single phase power line. There are no other obstructions.

64

__________________ ______________________________________________________



IBALLEI4 I.AKh; Sl

PATH VIEW FROM RECEIVER

PATH VIEW FROM TRANSMITTER

65



RI -5--T2 BALLER LAKE S

go

*91
104

Fr ac
115
LOS

IFT. T

140+

.S 10 -- -
IL

Antenna~~~~ Hegh Abo rondinMeer

66T



RCVR. ELTV. R1-5-TZ XMTR. ELEV.
1589 M PATH LENGTH 3.94 km 1541 M

drw

-1530)M .

- I I~f

01 2 3v - I P T FM

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

12-14-66 at 13 M 1-27-67 at 7.3 M

50% 104.1 101.7 103.8 100.9 107.8 119.1 123.5

A lO %-90% < 3 < 3 < 3 < 3 < 3 < 3 < 3

I-'
*1 .

Plowed fields extend for about 1 mi from the transmitter. At a

distance of 150 yd, a 3-ft wire fence crosses the path at 800. Scattered I
trees about 1/4 mi away are the only obstruction.
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PATH VIEW FROM CONCEALED SITE

72

a i I I 11 i"-- [ u -w



RI-5-T3-OPEN ERIE NWI OPEN
70-

MHz -- r

80 -- 230 ~I ?;~jii
4 10_ 6- 30-666 .. -.. t f-

90 186-4-28-66 -Free Space
.... 4595

-- 9190 ,,,..Loss -

Z 100 :

I ~0C

0

120
E

13

77- 7-7

140 
J.

U 150- - -' --

0 1 2 3 4 5 S 1 8 9 10 11 12 13 14 I5

Antenna Height Above Ground in Meters

73



RCVR. ,V. Ri E, .' OtX'iN X1NITIg. 1I I V,
1'l89 M •ATIlI I ,IK:N •'III •, )h I•1tn I',1 Mi

¶ I-• I t g t M

I I I I I

0 4
K' T 1. ,, ?r "

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 75I 910 1846 4S95 9190

6-30-66 at 13 M ,t-2 -.66 at 7. 3 M

50% 103.2 100.0 100.9 107.3 118.6 1 Z6.4 141).6

A10%-90% <3 < 3 < 3 < 3 3 < - 3

The transmitter site lies 143 ft west of its concealed

companion site. The terrain is open grass land. There are no

obstructions except a fence, about 200 ft away, which runs perpendicular

to the path. About 1/2 mi away, scattered cottonwood trees lie to both

the left and right of the path.
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RCVR. ELEV. R1-5-T3 CONCEALED XMTR. ELEV.
1589 M PATH LENGTH 5.98 km 1518 M

15801M

- 1500M

I II I I
0 I 2 3 4 5

w T I r hA C"'rC'D

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

6-30-66 at 13 M 4-28-66 at 7.3 M

50% 107.0 109.1 108.8 115.4 123.6 125.6 135.6

A10%-90% < 3 < 3 <3 <3 < 3 < 3 <3

The antennas at this site were concealed 40 ft behind a grove

of cottonwood trees. The trees are about 30 ft tall and extend for about

45 ft toward the receiver site. Beyond the trees are 1-1/2 mi of

pasture, before the ground rises abruptly to the horizon.
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RCVR. ELEV. R1-5-T4 XMTR. ELEV.
1589 M PATH LENGTH 5. 20 km 1597 M

-- 1530M

I I I I I

0 I 2 , 4 5
KI LOMETER',

L (dB) SPORT TERM SIGNAL VARIABILITYb

Freq (Mnz) 230 410 751 910 1846 4595 9190

1-19-67 at 13 M 2-27-67 at 7.3 M

50% 130.4 141.8 157.9 152.8 170,3 172.6 189.2

A 10%-90% <3 <3 <3 <3 <3 <3 <3

The path extends across plowed fields alternating with strips of

field grass. A 5-wire, high-tension power line crosses the path 150 yds

away perpendicular to it.
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RCVR. E1EV. R1-S-'1'5 XMTrR, I1,:IVFV.

1589 M IPATH IENCIT1l S. 0) km Irls-1 M

1- 153')M

I I I

0 I 2 3 4
K T IME TFQ'

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

4-2-65 at 13 '1$.

50%o 109.6 113.4 115.8

b 10%-90% < 3 <3 < 3

The immediate foreground at this site is a dirt road running

perpendicular to the path. Just beyond is a farm complex. The path

crosses a 50-yd wide barnyard, surrounded by a low, wooden rail fence

and containing wooden feeding troughs. Beyond is a small shed with a

tin roof, about 75 yd away, and plowed fieids and areas of field grass,

which extend to the horizon about 2 mi away.
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RCVR.. ELEV. RI-5-,T5A XMTR. ELEV.
1589 M PAT1-! LENG(11I ',r 04 P 1558 M

.- I 590M

I
I

'I -- I 53()M

I I I II
0 3 4 5

K I LCMETE.

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

11-30-66 at 6.6 M 2-25-66 at 7.3 M

50% 115.0 118.1 128.5 132.0 141.9 152.2 161.9

100%-90% <3 <3 <3 <3 <3 <3 <3

There is a 3-ft high barbed-wire fence perpendicular to the

path about 25 ft from the transmitter van. Beyond the fence

are 100 yd of plowed fields and a farmyard containing some tin-roofed

* •sheds; a concrete silo lies to the immediate right of the path. The path

is directly over a large cottonwood tree, 40-ft high, which obscures

the horizon. The rest of the terrain is rolling, grass-covered hills. Sý

The horizon is 2 mi away.
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RCVR. ELEV. RI-5-T6 XMTR. P.,LFV,
1589 M PATH LENGTH 4.60 km 1545 M

mo,-- I 59)M

- I 53 ).A
I I I

0 I 2 3 4
KT T L'nME 1 ER

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

4-2-65 at 13 M

50% 106.8 106.9 107.9

A 10-90% <3 <3 <3

The path extends across 1/4 mi of hay field, with a 15-ft hay.-

stack 150 yd from the transmitter. A 3-ft high, barbed-wire fence runs

perpendicular to the path at about 150 ft. The path terrain slopes gently

upwards to the horizon, which is abeut 2 mi away.
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RCVR. ELEV. R1-5-T6A XMTR. ELEV.
1589 M PATH LENGTH 4.64 km 1546 M

1 5 59,).1

--15530M
I- I 53I

0 1 2 3 4
KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq. (MHz) 230 410 751 910 1846 4595 9190

11-30-66 at 6.6 M 2-27-67 at 7.3 M

50%0 111.5 114.8 118.6 118.4 130.7 132.1 141.1

AL10%-9001% <3 <3 <3 <3 <3 <3 <3

The path extends across 30 yd of wheat field to a dirt road

running at 500 to the path. On the far side of the road is a 3-ft, barbed-

wire fence surrounding a 75-yd wide field of grass. From there to

the horizon, 1-1/2 mi away, the path crosses rolling plains with

scattered trees and homes.
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RC.VR, IC.1,F;V, RI-10-TI XMTR. ELEV.
I1t49 M PAT1 L.ENGTHI 9.98 km 1494 M

-1580H*

- 40 03M
II I II

0 4 6 a
K I I.OML TER j

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Froq (Mliv) zio 410 751 910 1846 45995 9190

1-18..67 at 13 M 1-27-67 at 7.3 M

50% 108.6 W.2 1 13.1 1 1Z.6 U28.0 133.0 136.4

A I0%-40% 3 < 3 - <S -3 < 3 <3

About 75 yd from the transmritter site. railroad tracks cross

the path at 40°. Thto terrain is plowed ground to a distance of 3/4 mi

from the transmitter, with pasture land continuing uphill to the horizon,

whic h is 4-1/2 mi Away.
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RI-IO-T2 6 APRIL 1965 BOULDER RESERVOIR
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RCVR. ELEV. Rl-10-T2 XMTR. ELEV.
1589 M PATH LENGTH 9.94 km 1594 M

1- 550M

II I
0 2 4 8

K I LOMET r

L.b (dB) SHORT TERM SIGNAL VARIABILITY

.req (MHz) 230 410 751 910 1846 4595 9190

4-6-65 at 13 M

50% 120.9 126.8 138.8

A 10%-900%0 < 3 < 3 < 3

The path crosses 25 ft of roadway and a 3-ft, barbed-wire fence.

The path crosses a lake approximately 1/2 mi away from the transmitter van.

Scattered cottonwood trees grow" on the far side of the lake. The rest

of the terrain to the horizon, which is 5 mi away, is grassland.
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RI-IO-T2A BOULDER RESERVOIR
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RCVR. EI.iVV. TI A0 T.'A XMKI V I' I I V,
ISS9 N4 I 'ATI I I VIN( I I H It i '

0 4 8
K I LOME TEI- .

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 .Is1

6-21-66 at 13 M 3-4-06 at 7. 3 M

50% 124.0 127.3 134.,' l.1 159.2 170.9 173. 5

S10%-90% < 3 < 3 3 ,.

Crossing a 3-ft wire fence, 20 ft away from the transmitter

site the path traverses a flat, gravel surface, and a winding asp),,ilt

road. One-half mile away, a power line crosses the path at about 30Q.

The path then traverses a large lake for 2 mi, ana extends across a

grass-covered, upward slope to the horizon, which is about 5 mi away.
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RI-1O-T3 ERIE NE I

s0o-- 410 12-8-66 KI7K 7 717:'
751]

484 Free Spac
459 LOS

.2 10 77 7

0",~~ :4 00 ý.4

110

ON A.-

-2 7 .- - 27j

15 -" :"

10

140 -:2. 4777

160
0 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15

Antenna Height Above Ground in Meters

114



RCVR. -ELEV. RI-10-T3 XMTR. ELEV.
1589 M PATH LENGTH 9.66 km 1568 M

- 1580M

1.
S... I 5 ()OM

I I0 t

0 2 4 6 U
K T I. r M F T F

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 .1846 4595 9190

12-8-66 at 6.6 M 5-11-66 at 7.3 M

S500/c 101.2 96.6 124.7 105.2 117.8 125.7 136.3

A1o0/c - 90% < 3 "-3 <3 '-3 <3 <3 <3

This line-of-sight path extends for 150 ft across a dirt road to a

3-ft barbed-wire fence at the near edge of a plowed field. Beyond 250 ft

of plowed ground and grassy fields are railroad tracks I mi away.
i'

The rest of the terrain consists of open fields with ucattered cottonwood

trees,,
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R I -I0-T4 VALMONT
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PC"VR' E FIIV. !•,i-10)-TI'1 XMI'•1' . I.-l F.V.

1'189) M IPATI' IK.NG'I 10. 0 9 kin I N1 i N

j

- 15b40,

I I I

0) 4 6 1 0
I'I L rM F T EN H

Lb (dB) SHORT TERM SICNAL V ARIABILITY

Freq (M}iv.) Z30 410 751 910 1846 4595 9190

8-1U-6S at 13 M 1-4-66 at 7. 3 M

s50l 1IZ. 1 113.9 126.4 liu. 8 144.8 155.0 160.1

AIO3-90 4:3 .3

The foreground at this site consists of down-sloping grass-

covered fields. Railroad tracks and high-voltage power lines cross the

path approximately 300 yd away, but are far below it. Beyond the

tracks, to the horizon 3-1/2 mi away, the ground cover is grass.
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iI
R• \'IV. I.L,:V. RI 10 TS XMrR. ELEV.
Ip'Mt M "PATH LEINGTi 1.03 kim I S73 M

t -I 6 I OM

b I O

2 4 6
! L.O•',, E T E 9 S

L (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

6-20-66 at 13 M 3-25-66 at 7.3 M

50% 109.9 109.7 111.3 122.3 132,7 142.4 149.6

A 10%-90% < 3 <33 <3 < 33 <3 < 3 < 3

The path extends across rolling, grass-covered terrain. Farm

houses and scattered trees appear about 2 mi away and continue to the

horizon, which is 3 mi from the transmitter. In the immediate fore-

ground, a power lir.j and a supporting cable rise 20 ft to the left of the

path.
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R!-10-T6 OPEN AND CONCEALED

HAYSTACK WEST

PATH VIEW FROM OPEN SITE

|

PATH VIEW FROM CONCEALED SITE
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RCVR. ELEV. RI-10-T6 OPEN XI•_TR. ELEV.
1589 M PATH LENGTH 9.9Z km 16Zl M

- I 6 2 0 lot

-- 154')M

0 4 6 8
v ILOME'r r:•-

Lb(dB) SHORT TERM SI'3NAL VARIABILITY•

Freq (MHz) Z30 410 751 910 1846 4595 9190 k• ;,',i

6-17-66 at 13 M 3-24-66 at 7.3 M •

50% 115.9 UT. Z IZ6.0 13!. 6 137.7 15Z. 7 156.7 !• !
Al0•/0-90% < 3 <3 <3 <3 <3 <3 <3

Open pastures extend for I-I/4 mi to a cone-shaped hill, Z50 ft

high, at the horizon There are no other obstructions. A grove of :•i

3
cottonwood trees lies immediately to the left of the path.•'

>
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R I -lO--T6-O&C HAYSTACK W
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RCVR. ELEV. RI-10-T6 CONCEALED XMTR. ELEV.

1589 M PATH LENGTH 9.90 km 1620 M

- 162M04

1- 154 DM

0 2 4 6 8
K T I.C"M FTF R-N

L(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1346 4595 9190

6-17-66 at 13 M 3-24-66 at 7.3 M

50% 124.6 145.8 144.8 129.8 137.7 152.7 156.7

A10%-90% <3 <3 <3 <3 <3 <3 <3

The antennas are concealed behind a stand of cottonwood

trees. The path lies through trees 200 ft deep and 40 ft high.

Pasture land extends from the tret s to a large knoll 1-1/4 mi

distant at the horizon.
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RCVR. ELEV. R1-10-T7 XMT .1589 M PATH LENGTH 9.52 km

-163 DtM

-153 )M
II I I I •

0 2 4 6 8
K I LOMF T ER q

Lb(dBI SHORT TERM SIGNAL VARIABILITY

Freq (MHz) Z30 410 751 910 1846 4595 9190

8-11-65 at 13 M 3-7-66 at 7.3 M

50% 106.1 100.9 113.6 107.9 1Z2. 9 135.5 138.6

610%-90% <3 <3 <3 <3 <3 <3 <3

The immediate foreground of pastures is below tho ray

path and extends to a thin line of cottonwood trees 100 yd away.

The trees are about 50 ft tall. Beyond are another 100 yd of grass-

land and a second thin line of cottonwoods. The rest of the path

is over rolling, hilly country.

141
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R(•II. ;II•V.R1 •011r OPNI•N XMTI'. VI,',Vv.

1%89 M 'A'T'II I .:N(;'rl N 1 7,7 7 k 1', k

I 490M
SI t I I I I

0 4 G 2 16 20 24
K I LOML T F R:;

Lb(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MlIz) Z30 410 751 910 1846 4595 9190

7-11-66 at H M 2-8-67 at 7.3 M

50% 108.1 113.4 127.3 137.0 141.3 144.8 152.6

A 10%-90le < - -3 < 33 < 3 .-3 "-3

The immediate foreground at this site is plowed farmland,

extending for 1/4 mi to a 1/3-mi wide lake. Beyond, to the

horizon, 7-,/2 mi away, the path is over pasture land with

scattered trees.
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RCVR. ELEV. Rl-Z0-TI CONCEALED XMTR. ELEV.
1589 M PATH LENGTH 27.68 km 1552 M

S-1480M

I I I I I I
0 4 8 12 16 20 24

KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

7-11-66 at 13 M 5-19-67 at 13 M

50% 118.2 123.4 140.7 143.2 161.9 174.9 175.7

AI0%-90% <3 <3 <3 <3 3.0 7.0 6.4

7-11-66 at 7.3 M 5-19-67 at 7.3 M

50% 136.7 150. 2 162. 5 175.3 180.3

610%-90% <3 < 3 3.9 6.3 8.0

7-11-66 at I M 5-19-67 at I M

140.7 150.2 162.9 177.6 182.3

<3 <3 <3 6.4 7.1

For concealment, the antennas are placed 20 ft behind a

150-ft deep thicket of cottonwood trees, 40-ft high. Beyond the

trees, the path is over 1/4 mi of grassland and a small lake. 1/3 mi

wide. From there to the horizon, 7-1/2 mi away. the ground cover

is pasture with scattered trees.
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RI -20-T2 ISH RESERVOIR
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RCVR. ELEV. R1-20-T2 XMTR. ELEV.
1589 M PATH LENGTH 20. 00 km 1539 M

-- 1500M - - - - -

I II 58I

0 4 8 12 16 20
KILOMETER 3

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

Z-23-67 at 13 M

50% 144.3 165.8 177.5 177.5

S110%- 90% < 3 -3 <3 4.7

2-23-67 at 7.3 M

50% 156.3 167.8 176.0 182.5

1610%-90% <3 <3 <3 <3

2-23-67 at I M

50% 152.5 165.2 179.2 174.3

6 10%-90% <3 <3 <3 <3

The path extends over stubble wheat to the horizon, 1-1/z mi

distant. To the left of the path, and approximately parallel to it, are rail-

road tracks which curve away at the horizon. A narrow irrigation ditch

enters the path, bends sharply, and leaves it 150 yd from the traisrnitter.
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RCVR. ELEV. RI-Z0-T3 OPEN AMTR. ELEV.

1589 M PATH LENGTH 21.39 km 1529 M

- 1570M

0 4 8 12 16 20
K TI.OMF T FRf,

Lb(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

7-1-66 at 13 M 5-17 -66 at 13 M

50% 118.5 121.2 125.9 125.3 138.5 140.0 142.7

A60%-90% < 3 <3 < 3 < 3 < 3 < 3 < 3

5-17-66 at 7. 3M

50% 128.0 139.4 140.9 143.4

A l0%-90% < 3 < 3 < 3 <3

5-17-66 at I M

50% 128.5 140. Z 140.0 146.9

A 10%-90% <3 <3 <3 <3

The path is over 150 ft of grass to a strip of plowed ground,

with a low wire fence crossing the path 100 yd away at 450. A 5-wire

telephone line parallels the fence at 500 yd. Grassland extends to the

horizon, 4 mi away, where there are scattered trees and houses.
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RCVR. ELEV. R1-20-T3 CONCEALED XMTR, ELEV.
1589 M PATH LENGTH 21.52 km 1530 M

- 1570M

I I
0 4 8 12 16 ?0

K T I. M r T QF

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 91.90

7-1-66 at 13 M 5-17-66 at 13 M

50% 131.3 134.5 136. Z 137.5 158.4 179.0 186.3

AI0%-90% <3 <3 <3 <3 5.5 10.5 10.3

5-17-66 at 7.3 M

50% 141.47 160.2 177.5 188.0

A 10%-900% < 3 .5.0 .9.0 9.9

5-17-66 at 1 M

50% 142.7 158.8 176.5 188.8

6 10%-90% < 3 4.6 5.6 9.2

The antennas are concealed 10 ft behind a 100-yd deep line of

cottonwood trees. The trees are 45-ft high and very dense. Beyond the

trees the terrain is rolling pasture to the horizon, which is 4 mi away.
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RCVR. ELEV. 11I '0-T4 XM'I'Hl. K1XV,
1589 M PA'I'ITI I.ENTI I 20),4 knm INII M

I I I 7 i

0 4

K ILOh•i TL I13

L b (dB) SHORT TERM SIGNAL VARIABIILITY

Freq (MHz) 230 410 751 910 1846 454'i 91tL

7-11-66 at 13 M 9,17-66 At 1I M

50% 124.1 129.7 138.4 1Q. 0 1 sh.1 1.'..

AI0%-90% <3 <3 <3

50% 5-17-66 at 7. 3 M

50% 138. 153. is 15, 8 1. 9

AIO%-90% < 3

5-17-66 at I M

50% 141. 7 150. 3, 1.5, 3 160.1

OI0%-90% < 3 < 3 <j

The path is over open farmland and the horizon is 1-11, 1i way.

There are no obstructions.
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RCVR. E:LEV. li.-.Ot)'l. (')NC EAI. I >M I, :, icy1589 M IPATI I IP: NC,'YI'lI I I~t A1 k,- ISY) M •

I I Pu I

0 4 8 h
K I L MOK LER ,

Lb(dB) SHORT TERM SIGNAL VARIU31LITY

Freq (MHz) 230 410 751 910 1846 4595 9190

7-11-66 at 13 M 5-17-66 .t 13 M

50% 132.1 133.3 139.6 155.1 168. 7 180.7

A10%-90% < 3 "3 .3 13 <3 7.6
5-17-66it 7.3 M

50% 140.6 158.7 166.4 182.7
A10%-90% 

<3 <3 < 3 6.7

5-17-66 atI M50% 144.9 154.6 166. 2 184. 1
610%-90% < 3 < 3 < 3 9.8

The antennas at this site are concealed 30 ft behizid a thicket of
50-ft high cottonlwood trees, extending for 50 ft. Beyornds the path is over
open pastures to the horizon, 2-1/2 mi away.
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RCVR. ELEV. RI-Z0-T5 XMTR. ELEV.
1589 M PATH LENGTH 19.70 km 1509 M

-157DM

• 4 - L 483> • -- "-

0 4 8 12 16
KT LOtIF. F R S

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

12-8-66 at 6.6 M 2-9-67 at 13 M

S50%0c 124.2 129 141.9 139.0 153.6 164.0 172.7

n0%-90% <3 <3 <3 <3 < 3 <3 <3

2-9-67 at 7.3 M
50% 142.3 148.1 165.5 169.8

A10O%-90% < 3 <3 < 3 4.0

2--9-67 at I M

50% 147.0 151.1 161.2 169.8

A 10%/c-90% <3 < 3 < 3 4.8

The immediate foreground at this site is a four-lane, dual concrete

highway with an access road at a distance of approximately 100 yd. Beyond

is a low wire fence, perpendicular to the path and parallel to the roads, 9
followed by grassland that extends 1 mi to the scattered trees at the horizor.
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RCVR. ELEV. Rl-20-T6 XMTR. ELEV.
1589 M PATH LENGTH 20.00 km 1539 M

1- 570M

-- I4£0M
II II

0 4 8 12 16 20
KT I.'M F T F R

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190

12-8-66 at 6 . 6 M 4-26-66 at 7.3 M

500/ W06. 8 102.7 119.9 115.2 116.6 127.9 145.7

<3 <3 <3 <3 <3

The path extends over pasture land with scattered single trees.

In the immediate foreground, a barbed-wire fence runs at ZO0 to the

path and crosses it approximately 75 yd aw.y.
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I lt'V. , I I IV I I11 v , I',, V

I I 4

I I s o -

1 ((M) SHORT TIRM SINAL V.ARIABILITY

Vres I (MII 2 )0 .11o 7,1 1) 10184o 4-) S 9190

12-8-W) at 7. A M 6. , at (. i M

hew path runs (1ver sagebrush for 50 yd to a low, barbed-wire

fence. Fifty feet beyond the fence, an 8-wire tt 'phone line runs perpen-

dicular to the path. The rest of the terrain to the horizon, 4 mi away,

consists of rolling hills with scattered trees and farmhouses.

It
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